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1. INTRODUCTION 
The food industry uses a large amount of plastic cases, boxes and containers for transportation 
within and outside of the company. These contain strong bounded dried, bloody and fatty 
contaminations. Their removing is difficult especially in case of complicated surfaces. The 
traditional washing machines equipped with high pressure nozzles are not able to remove the 
contaminations from places situated in shaded areas (ribs, holes, and corners). It can not be 
accepted in case of tools having direct contact with foods. Therefore we investigated the 
introduction of ultrasonic procedure for cleaning of objects having complicated surfaces. 
2. LITERATURE REVIEW 
2.1. Fundamentals of industrial cleaning 
In the food industry can be found biological, non wetting and surface adhering contaminants 
first of all. Different cleaning technologies, using a combination of mechanical chemical and 
solving effects, are applied for removing them. The solving of the contamination is an 
important task in the course of cleaning. The formerly properly quelled and peptised 
contamination can be removed more easily. It is made by mechanical scrubbing or washing 
solution high pressure streaming out from nozzles traditionally. Another task is the 
disinfection for destroying the harmful microbes. These operations are influenced by different 
physical and chemical characteristics. 
- Treating time 
- Temperature of the detergent, 
- Chemical composition of the detergent, 
- Concentration of the detergent, 
- Form and impulse power of the protruding fluid flow. 
The efficiency of the operations can be significantly improved by proper choosing the values 
of the above mentioned factors (1,15). 
2.2. Mechanical cleaning of cases boxes and containers 
The sophisticated and efficient mechanical cleaning has to be consisted of the following 
operation steps in case of strong adhered biological contamination: 
- pre-soaking, pre-washing, 
- intensive washing, 
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- rinsing and disinfection, 
- rinsing, 
- drying. 
These phases are separated within the applied machines and have an individual fluid treating 
and transportation systems. A transporting device conveys the objects through the phases of 
cleaning in case of continuous cleaning in large scale factory. Their configurations are passed 
to the object to be cleaned, their length and moving speed depends on the measure of the 
contamination and the washing capacity (2,3,4,5). 
The literature survey and the practical experience showed that there are several deficiencies of 
the procedures and equipments used till today and in case of most modern solutions as well. 
The pre-washing and pre-soaking phase is missing or too short generally. Most of the 
contaminations are not slacked in this way. Shaded areas are always remaining for the 
cleaning. Further practical deficiency is that the applied solving reagent is not suitable for the 
art of the contamination, making the technology inefficient (6,7,8). 
3 . T H E AIM O F T H E INVESTIGATION 
We have tried to demonstrate with comparative tests that the efficiency of the cleaning of the 
strongly adhered and dried biological contamination can be improved if the pre-soaking 
washing and ultrasonic treatment are combined. 
To determine the most important operation parameters (time and temperature) by which the 
combined cleaning procedure gives satisfactory success on the base of the experimental 
results. 
4 . M A T E R I A L S A N D M E T H O D S 
4.1. The effect of the ultrasound in the fluid 
The ultrasound is a mechanical oscillation for which the laws of acoustics are valid. Its more 
important physical parameters: 
- high frequency range (20 kHz-1000 MHz), 
- low wavelength, 
- The transmitted waves stepping out from the resonator (electromagnetic transformers) 
can be directed, 
- It can be created with high intensity. 
The acoustic oscillation transmitted with high intensity causes detectable changes in the 
fluids. The characteristic and most important effect in the point of view of cleaning is the 
cavitations. The sound waves spreading in the fluid create a propagating high and low 
pressure periods in sequence. The fluid is disrupting in the attenuating region and numerous 
small bubbles are created. In the next moments, in the pressurised phase, these holes are 
eliminated accompanying a local shock wave having 105 N/m2 pressure. This is the 
explanation of the destructing and eroding effect of the cavitations. The most advantageous 
frequency region of the cavitations is 18-44 kHz and the best temperature region is 55-65°C 
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for cleaning. The erosion due to the cavitations can be intensify if the fluid is a properly 
chosen cleaning solution (9,10). 
4.2. Model experiments for the determination of the efficiency of the ultrasound cleaning 
In the course of the model experiments we have determined how the cleaning efficiency can 
be increased by changing the temperature and time within the definite region. We have 
compared the cleaning by soaking and ultrasound and their combinations. 
4.2.1. Measuring the cleaning efficiency 
In the course of the experiments the contamination must be reproducible. Therefore the 
investigated surfaces had the same type and amount of contamination, the temperature and 
concentration of the applied solvent had constant values. In this way the initial conditions of 
the solving and cleaning process remained constant. We carried out two kinds of experiments: 
cleaning with ultra sound and without it in the same solution. In this way the graphical and 
numerical comparisons could be carried out directly. 
The efficiency of cleaning is the following (1): 
These were measured in dry state with a balance having 0,01 g accuracy. The test 
contamination was a dried milk. It was dried onto the surface of each sample piece of 
containers under the same conditions. 
4.2.2. Cleaning effect vs. time 
(1) m 
where m0 amount of original contamination [g] 
m amount of contamination remaining after treatment [g] 
Investigated material: plastic container 
Dried milk on its elements 
1 % NaOH, 65 °C alkaline solution 
TESLA UG 160/320 TA, 20 kHz 
10 dm3 
50-60 sec long treatment with ultrasound and without it. 
5 measurements in each treatment time. The average efficiency 
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Average efficiency or ultrasoood 
treatment (T|us) 
Average efficiency of soaking 
treatment (T|s) 
5 0,41 -
10 0,77 0,22 
25 0,86 0,53 
30 0,91 0,61 
35 0,90 0,63 
40 0,93 0,61 
50 0,92 0,63 
60 0,96 0,67 
The values of the table are depicted on Figure 1. The power function of y = 1 - e a x is fitted 
on the efficiency values of soaking and ultrasound treatment [(2) and (3) equation]. The 
obtained correlation coefficients were 0.9170 and 0.8810 for soaking and ultrasound treatment 
respectively. 
_ 1 0,0248/ IS = 1 ~ e (2) 
_ 1 „0.11104/ 
1 u s = l ~ e (3) 
Figure 1. Efficiency of soaking and ultrasound cleaning vs. time 
4.2.3. Cleaning effects in dependence of temperature 
The material, solvent and investigation equipment were the same as in 4.2.2. 
Treatment: Constant t = 60 sec treatment time and the temperature was changed between 20-
65°C. 
The measuring figures are shown in Table 2: 
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2. táblázat Cleaning temperature and cleaning efficiency 
Temperature 
(°C)0 
Average efficiency of 
ultrasound treatment 
(Лин) 
Average efficiency of 
soaking treatment 
(Us) 
20 0,73 0,4 
30 0,78 0,4 
35 0,77 0,54 
40 0,79 0,53 
50 0,92 0,6 
60 0,88 0,66 
65 0,99 0,67 
The values of the table are depicted on Figure 2. A linear line (y=a+bx) was fitted on the 
figures ((4) and (5) equation). The obtained correlation coefficients were 0.9266 and 0.9563 
for ultrasound and soaking cleaning respectively. 
77^=0,607 + 0,0050 (4) 
T]s = 0,263 + 0,0070 (5) 
Figure 2. Efficiency of soaking and ultrasound cleaning vs. temperature 
4.2.4. Cleaning operation in two stage 
In this experiment we investigated how develop the cleaning efficiency in dependence on time 
if we soaking cleaning was combined with ultrasound after a definite time. Similar to the 
earlier experiments the soaking was carried out in solvents of 1% NaOH at 60°C and for 30 s, 
and then the solvents was treated with 20 kHz ultrasound for 30 s. The efficiencies shown in 
Table 3were calculated from 5 measurements: 
Table 3. Efficiency of soaking and combined cleaning 
ts(s) •comb (S) 
10 20 30 35 40 50 60 
TIS 0,32 0,57 0,59 0,72 0,85 0,87 0,93 TlUScomb 
The values of the table are depicted on Figure 3 showing the change of the efficiency in the 
course of time. On the Figure 4 we show the data of Figure 1 and the data of combined 
treatment shown Figure 3. 
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Figure 3. Efficiency of soaking and ultrasound cleaning (30s soaking and 30s ultrasound) 
5 . D I S C U S S I O N S 
In the cleaning operation, involving physical and chemical processes and diffusion 
phenomenon as well, the time and temperature play a significant role (11., 12., 13.,14.). 
The first experiment series showed that the cleaning efficiency changes in time as an 
exponential function approximating 1. The efficiency of cleaning changes only slightly after a 
definite time (Figure 1). Therefore the treatment time must be limited to a high efficiency 
accompanying reasonable running costs. 
The second experiment series showed that the efficiency of the soaking and ultrasound 
cleaning increased linearly with increasing temperature of solvent. The advantageous 
temperature region of the ultrasound and the soaking cleaning and solving effect of the 
solvent falls into the same region (55-65°C) (Figure 2). 
It can be seen from the third experiment series that similar high cleaning efficiency can be 
reached when the soaking cleaning is combined with the ultrasound after the half of the 
operation time (30s). 
60 
György MÉSZÁROS: APPLICATION OF AN ULTRASOUND TECHNIQUE IN THE 
MECHANICAL WASHING OF PLASTIC BOXES AND CRATES IN THE FOOD INDUSTRY 
6 . CONCLUSIONS 
Summarising the results of the experiments it can be stated: 
• The efficiency of the cleaning showed an exponential curves approximating a maximum 
value if we consider the solvent property and concentration as constant and holding the 
time and temperature within a definite limits. 
• The strongly adhering contamination, e.g. dried milk, can be removed from the plastic 
material in a measure of 90% applying low concentration of solvent (1% NaOH) and 
ultrasound for 50-60 s. 
• The results of cleaning in two stages gave useful information for transferring the results 
into the industrial application. The time of the intensive cleaning operation demanding 
high energy usage can be reduced by the properly chosen soaking cycle significantly. 
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